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AHANITUYHE OOCNIMKEHHA ENEKTPOAOBAHOI TPILLUHU
B ["E€30EJIEKTPUHHOMY BIMATEPUATI

lMponoHyeTbLCA TOYHUM aHanNiTUMHUMIA Nigxig [o gocnigXeHHA nnockoi aedopmadii
n’e3oenekTpu4Horo Gimarepiany 3 enekTpoAoBaHOK TPILMHOK Ha MeXi noAiny noro
KOMMOHEHT. BBaxaeTbcsi, WO Ha HeCKiHYeHHOCTI 3aAaHi none HanpyxeHb
Ta eNneKkTpuYyHe none, napanenbHe Ao GeperiB TpiwwmHW. OTpuMaHi AOCUTb NPOCTI
copmynu Ans enekTpomexaHiyHux ¢hakTopiB B OKOni TPIiWMHU Ta npoBeAdeHa ix
rpacpivHa intocTpauin

Knroyoei cnoea: n'ezoenekmpuyHull bimamepiasn, enekmpodosaHa mpiujuHa, 3adaya
TiHIlIHO20 CrPsIKEHHS.

Bctyn. Mogeni 3 enekTpogoBaHOO TPILLMHOK B N'€30€NEKTPUYHIN kepa-
MiLli LUMPOKO BMKOPUCTOBYIOTLCA MPU PO3PAXYHKY Pi3HUX efeKTpOMeXaHiYHnX
NPUCTPOIB, TakMX AK AaTYMKK, CEHCOPW Ta NpMBOAK. TpillmMHa Ha BHYTPILLHIN
KpoOMUi enekTpoga, Lo NexuTb MK ABOMa maTtepianamu, B Aeskux Bunag-
Kax € NPUYNHOK HecnpaBHOCTI B 6baraTbox H6araTowwapoBux npusogax. Tomy
BMBYEHHS TakuX TPILLMH Ma€ BaXXNMBE 3HAYEHHS A58 NPaKTUKK.

OCHOBHI NONOXEHHSI MEXaHikn pyMHYBaHHSA M'€30€NEKTPUYHNX MaTepianis
BMKNageHi y moHorpadisx [1, 2, 5], a okpemi 3agadi 4nsa TpiwuH, BiNbHKX Big,
€neKkTpoaiB, MK ABOMa MM'€30€MNeKTPUYHMMM MaTepianamm po3arnsgganuch
B pobotax [8-10]. EnekTpogoBaHa TpiwuHa B OAHOPIOHOMY M’€30-
enekTpuyHoMy martepiani BuB4Yanack B [3], a TpiluMHa 3 enekTponpoBigHNMN
Oeperammn Ha Mexi noginy ABOX N'€30eMNeKTpMIHMX MaTepianis — B poboTi [7].
Mpu upoMy cnig BiA3HAYMTH, LLO B OCTaHHI pobOTi po3rnsaganoch eneKkTpuy-
He HaBaHTaXeHHs, OpToroHanibHe [0 OeperiB TpiWMHW, TOMYy npobGnemu
MOB’sI3aHi 3 MOXIMBUM B3aEMOMPOHMKHEHHSIM GeperiB TPILMHU Ta iX KOHTakK-
TOM He po3rngganucb. B gaHii poboTi BUBYaETbCA enekTpogoBaHa TpilMHa
MiXX BOMa M'€30€NEKTPUYHUMMN MaTepianamm nig gieto MeXaHiYHOro HaBaHTa-
XKEHHS Ta eneKTPUYHOro NOTOKyY, NapanensHoro Ao 6eperis TPILLUHK.

MocTaHoBKa 3apavi. 3amMkHeHa cucTema piBHSHb N'€30 CTaTUKM 3a Bia-
CYTHOCTI B CepefoBM1LLi MacoBUX CUN i BiflbHUX 3apsgiB Moxe OyTu npeacTa-
BMeHa y Burnagi:

Gij = Ciji1 Yk — €xij Ex -
D =€y +dik Ex .
ciji =0, 0 =0,
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¥ij = 0.5(uj, +Uj,i)’ Ei=—¢;.

Ae Ui, ¢, Gjj, D; — BignosigHo nons nepemilleHb, eneKTPUYHOro noTeHLja-
1y, MEeXaHiYHMX HampyXeHb Ta eneKTPUYHOI IHOYKLUIT; Cijkl + Sijk - dij — Big-
MOBIOHO KOMMOHEHTU MPY>KHOI, M'€30€MNeKTPUYHOI Ta fieNEeKTPUYHOI MaTpuLb.

PoarnsHemo nnocky aedopmadito 6imatepiany, cknageHoro 3 nisnpocTopis
X3 >0 Ta Xg3<0, nonApu3oBaHWX MO HaMpsAMKY OCi X3 | 34ernneHnx
no inTepdpeiicy X3 =0. Ha Biapisky X €[-a,a] iHTepdeitcy posraliosaHa
enekTpodoBaHa TpimHa (puc. 1), sika BBaXKaeTbCa NpoBigHO, TO6TO Ha ii be-
perax E; = 0. Kpim Toro, Ha TpilLmHi 3aaaHo cymapHuii 3apsg BenuunHn Dy .
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A

Puc. 1 —-EnekTpoaoBaHa TpiwuHa B 6imaTtepiani

B 3aranbHOMy BUNaaKy TakoX 3afaHi HEHYMbOBI eNeKkTPOMEXaHiYHi rpaHny-
Hi YMOBM Ha HECKIHYEHHOCTi:

G:T_O3 =T, 6%0320', Efo =e.
YMOBW Ha iHTepdelci MaloTb BUTNAA:
oi3 =03, Ef =E; ans x (-0, +x),
U =u;, D3 =Dg ans |x|>a,

o3 =0, B =0 ans |x|<a. 1)
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Po3LlyKyloTbCA KOMMOHEHTU Gj13, O33, E; B3OO0BX iHTepdelicy, cTpnbok
KOMMOHEHTM Dg Ha BKMIOYEHHI, 8 TaKoX PO3KPUTTS [[u3]] TpiwmHn. TyT i gani
[[o]] o3Ha4vae cTpubok BignoBiaHOT dhyHKLUIT Npu nepexogi Yepes iHTepdeiic.

. T T

Po3B’a30k 3aaadi. MosHaumo V=[U1 U Us ¢] , t:[Gls 023 033 Q] ,
6u1 aUZ 6U3
6X1 6X1 8X1

T
K= [013 G23 O33 El]T L Z{ D3:| Ta BUKOPUCTAEMO

cniBBigHOLWEHHS [5]

[[LO)]]=W* ()= W (%), @
K® (xg) =SW* (xg) - 8W™ (x), ®)
e S — matpuud po3mipHOCTi (4*4), KOMNOHEHTU SIKOT BU3HaYatoTbCs vyepes

i3nyHi xapaKTepuCTUKM NiBNPOCTOPIB, a W=[W1,W2,W3,W4]T — HeBigomMa
BEKTOP-YHKLUIA, WO Nignsarae BU3Ha4YeHH!O.

Burnag rpaHMuHMX yMOB CBiQYUTb NPO PO3PUBHICTL KOMMOHEHT Wi, Wa,
W, . Wopao komnoHeHtn W,, TO BOHa € aHaniTM4HOW i 0BMEeXeHoI y BCil
NAOLWMHI | TOMy 3a TeopeMoto JliyBins € KOHCTaHTO, BENNYMHA SKOT BU3HA-
YaeTbCsl 3HAYeHHAM Ha HeckiHyeHHocTi. OuesugHo, wo W, =0 vy Bcii

MIOLLMHI.
MaTpuua S ans Gimatepianis obpaHOro knacy, NonsprM3oBaHNX B3O0BX
OCi X3, M@€ HaCTynHUN BUrNAL:

isy 0 s30 isy
0 i522 0 0

—S;3 0 iszg3 Sy

sy 0 —S3y sy

Togai cniBBigHOLEHHS (3) B pO3ropHYTOMY BUIMAAI 3anUCyoTbCs Tak

S= , SijER.

off = isll(W1+ +W1_)+ 813 (W3+ —Ws_)+ iS14 (W4+ +W4_),
51(32 =-513 (Wf —W17)+ 833 (Wa+ +Ws ) +S34 (W4+ -W, ) : 4
BV —isyy (W +w1‘)— S34 (W3+ —W3‘)+ iS4 (W4+ +W4‘).

Po3rnsHeMo HacTynHy KoMOGiHaLilo enekTpOMexXaHiYHUX BENWYUH, sKa
Bunnveae 3 (4):
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Gg13)+l(m6 +nE1(1)) { 33-HMWJr 534~ OLZW}
dg dg

(6)

_ .Sq3—0q.,,,_ —Sgp—Oo .  _
+d2 Wl +1 33 1W3 + 34 2W4 ,
d; d,
pe dy=-S3—(syym+syn), dy =s3—(SuM+814N), 0 =SgM—SgN,
oy =S 4m+syn, mn € R.
Byoemo Bumaratu, wob koedilieHTN nepen Wiir y irypHux ayxkax
cnisnaganu. Lle npu3sBoanTb A0 CUCTEMMU PiBHSAHb BIAHOCHO M, N:

Sz3+0y _S33—04

d d;
S34 —0p _ —S34— 92
d dp

sika Mae fga po3s'ssku: (Mg, ny), (My, Ny ). BBeAeMo nosHaueHHs:

oS3t oS3m0 Gy 192
1 d )T d g J=42.
1 1

Togi cniBBigHOWeEHHSA (5) MOXHa 3anucaTu y BUrnsagi

Gglez +|(m G%) +Nj (1))= Fim(4)+9;Fj (%), (6)
ne Fj(2) =dij (Wy(2) +is\Ws(2) +t;Wy(2)}, j=12. @

PosrnsHemMo e ogHy KomGiHaLilo eNnekTpoMexaHiYHUX BENMYMH, sika BU-
nnueae 3 (4):

G:%) + kEl(l) =
=i (Sll + kSl4 )(W1+ +Wl_)+(313 — k334)(W3+ —W3_)+ i (514 + kS44 )(W4+ +W4_) y

ne k — pincHe.
Ob6upatoun k =s;3/534 i no3Havaoun

Cr=s11 +£514 , Co=5 +£344 ,
S34 S34
OAEpXyeMO
off +kE® =i{F0q)+F (0}, (8)
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ne
F(2) =C\Wy(2) + CW, (2) - 9)

Takmm 4nHom Ha ocHoBi (7), (9) MM NpUxoguMO OO CUCTEMM BiZHOCHO KOM-
noHeHT Wy, W3, W, :

Fl =W1 + |SlW3 +t1W4,
F2 :Wl + i52W3 +t2W4,
F= C1W1 + C2W4.

Ha ocHoBi piBHsHb (2), (6), (7) Ta (2), (8), (9) cnpaBeanuBi HacTynHi cnis-
BiOHOLUEHHS:

o) (0,0)+i| mjof (x1,0)+n;E (10,0) | = F}" (%) + 0;F} (),

dyj {[[ui (O N ]]+is; [[us 0a) ]+ [[Ds] ]} = Fi ()~ Ff (),

Ta

j=12 (10)

1| 013 0,0) kY (1,0) | = F* (1) +F (),
Cuf[uf (%) ]]+Co[[Ds]]=F* ()~ F (%).

3a80BONbHAKYM 3a JOMOMOrOK neplimx cnieeigHoweHb (10) Ta (11)
rpaHMyHMM ymoBam (1) NpMxoguMO OO HACTYMHMX 3agad NiHiHoro cnps-
XKEHHS!

(11)

Fi () +9jFj (4)=0, j=12 ans |x|<a, (12)
F (x)+F"(x)=0 ans |xq|<a. (13)

YMOBW Ha HECKIHYEHOCTi Ta JO4ATKOBI YMOBM AN LMX 3a4a4 (opMYymoTb-
CS HacTyMHWMM YnMHOM. BpaxoBytoum, Wwo ans X ¢ (—a;a) = FJ-Jr = FJ-_ = FJ- (%)

Ff=F = F(X) ., nepwi piBHsHHSA 3 (10) Ta (11) npuiimatoTb BUrNag
53 (X1,0)+i[mj0£1) (X1:0)+njE1(l) (X, 0]=Q+9j)Fj(x), =12
—|[c§3)(x1, )+kE1 (x,0 )}:ZF(xl).
Bepyuu fo ysaru, wo dyHkuii Fj(z) ta F(z) ananitudti kpim X € (-a;a),

Ta BMKOPUCTOBYIOYM 3afaHi rpaHWyHi yMOBM Ha HECKIHYEHHOCTI, MOXeMo
3anucaTu:

(14)

Fi (Z)|Hw =5 -itj, (15)
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- c . . 1 .
e cj:—j; rjz—e—j(mjr+nje); 0;=1+9;, j=12
Ta

k
F@)|,,, = ”2 €. (16)

3 ppyrux piBHsAHb (10) Ta (11) 3 ypaxyBaHHSAM OAHO3HAYHOCTI 3MilLeHb
npu obxoAi KOHTYpY TpiWMHKM, cniBnagatyoro 3 6eperamm TpilLUMHK, Ta TEO-
pemu [ayca

a
[ D5 () = Dg

—a

OTPUMYEMO:
a
[ €77 00) — Ff ()b =10, 17)
—a
a
[4F00)—F~ ()b =CoDp - (18)
—a

Po3B’sa3ku 3agad niHiHoro cnpspkeHHs (12) Ta (13) po3LwyKyemo Yy Bu-
rnagi [4]:

Coi +Ci2 Ie
Fj(z):&(iaj . j=12, (19)
2_2\z-a
F(z) =042 (20)
[2_,2
ne
In(g;)
8j= .
2n

KomnneKkcHi KoHCTaHTu Coj» Gj.B (19) Ta cg, ¢, B (20) BM3HAYalOTLCA

3 YMOB Ha HeckiHyeHHocTi (15) Ta (16), a Takox 3 ymoB (17) Ta (18). MNpwn
LbOMyY nokasaHo [7], wo ymosu (17) Ta (18) Gyae BMKOHAHO, AKLWO Koedili-

EHT NpW z 1 B posknapaHHi Fj(z) Ta F(z) Ha HeckiH4eHHOCTi fopiBHIOE
itjDy /(2m) Ta iC,Dg/(2m) signosigHo. Micna posknapaHHs  Fj(z)

Ta F(z) Ha HECKIHYEHHOCTI Ta BUKOPUCTAHHA YMOB Ha HeCKiH4YeHHOCTi (15)
Ta (16), 3Haxoammo:

F (=i 120 i2ac)(5; —it j=1,2
j(Z)—lz—an(Z)+(Z—| agj)(Gj—itj)xj(2), (=12,
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—%CZDO +i(t+ke)z
F(2) = ,

N7

ne x,(2)=(z va) 2 T (gay 2

3HaxomKeHHA enleKTpomMmexaHiyHux cpakTopiB Ha iHTepcpenci. 3 nep-

LLIOrO PiBHAHHS (14) ogepXXyemo HacTynHy chopMyny Ans Ggg (%,0)

o§3(,0) = 1+ g) Re{F ()} (21)
YaBHa YacTuHa cuctemu piBHAHb (14) dopmye CITAP ansd BM3HauYeHHS
o\ (%,0) Ta EP (x,0)
{mlcl;? 00,00 +mE® (x,0) = Im{(t+ 9" ()},
of3 (%, 0) + KE{Y (x1,0) = -2Im{F ()},
3 AKOi 04EePXKYEMO:

(L+91) Im{FR, ()} -+ 2my Im{F 04 )3

E(x,0) = P (22)
093) (,0) = —2ny IM{F (x)}—k(@+01) |m{F1(X1)}_ 23)

g —myk
Ha ocHoBi apyrux piBHaHb (10), (11) Ta cbopmyn (12), (13) Ha X € (—a;a)
MaemMo

[T (x)T]+ isy[[u (% )11 + 4 [[ D3]] = glg Il F0%), o4

Cyllug (x)11+Co[[Ds]] = 2F ()}
3 nepLuoro piBHsHHSA (24) noxinHa p03KpI/1TTﬂ TpilwmHKM 6yge matn BUA
= I F 25
[[u3(x )11 = Slg m{R (x)} (25)

1
TOGTO pO3KPUTTS TPILLMHM HA OCHOBI (25) 3anucyeTbes y opmi

[[U3 ()] = gl H

j Im{F (%) 3dxq. (26)
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3okpema, npn Dy =0 copmyna (26) npuitmae Burnsg

[[u3(x1)]]—%f(tlsin(slIn(ZiZDa&lcos[elIn[:tznj 2 2. (27)

HincHi YyactTuHn cuctemm piBHSHb (24) dopmytoTe CJTAP anst BU3Ha4YeHHs

[[u (x)1 7 [[Bs(x)1]

[[ug (x)N+ 4 [[Ds]]= Re{ Fl(Xl)}

Cyllu (x)11+Co[[Ds]] = 2 RE{F ()}

3 uiei cuctemun oTpumyemo

g, +1

CiRe{ g F (%)} —2Re{F (x)}
[[D5 ()11 = - : (28)
1C -Gy
To6To BCi LyKaHi KOMNOHEHTU Gy3, O3z, E; B3OBX iHTepdency BU3HAYEHI
BignosigHo B (23), (21), (22), ctpubok komnoHeHTn D3 B (28), a Takox pos-

KpnTTA [[u3]] TpilWMHK B (26) 3HanaeHi B 06nacTi TpimHu.

Bisyanisauis pesynbtartiB. Bubepemo matepianu PZT-4 (BepxHin
matepian) ta PZT-5H (HwxHin). B tabn. 1 HaBegeHi matpuui matepianis
PZT-4 Ta PZT-5H (npyXHuX, M'€30€NeKTPUYHMX, AieNeKTpPUYHMX BNacTMBoC-
Ten BiQNOBIOAHO) y BMMAAKY, KONWU BiCb Monspu3sadii cniBnagae 3 oAaTHIM
HanpPsIMOM X3 .

Tabnvusa 1 — XapakTepucTUKKN n’e3okepaMik

C1 | C33 | C3 | Caq | €31, | €15, | €33, | €11 €3
Martepian

«107° | 17 Knf =101, @/

PZT-4 139 | 11.3 | 743 | 256 | -6.98 | 13.4 | 13.8 | 60.0 54.7
PZT-5H 126 | 11.7 | 5.30 | 3.53 | -6.50 | 17.0 | 23.3 151 130

Onsa pospaxyHkiB Bubupanucs a=0,01x, 6=0,5%x10" ITa, t1=01la,
asennunHn Dy i e BapiloBanuck. BionosigHi pesynbtati po3paxyHKis
ans pisinx Dy i e nokasaHi Ha puc. 2—6.
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10°6%633(x,,0), [1a
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Puc. 2 — Po3nopin G33 (le 0) no iHTepcpenicy Ha NPOAOBXKEHI TPILLMHMN

npuo = O,5><1O7 Ila : a)ans Dy =0; 6) ana Dy =-0.002 Ku/m?
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Puc. 3 - Poanoain E;(X,0) no iHtepdeitcy Ha npoaoBskeHi TpilwumHu npu

6=0,5x10" ITa : a)ans Dy =0: 6) ana Dy =—0.002 Knim’
(-ana e=15x10" B/u, - e=0,5x10" B/u, M- e=0 B/u)
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a)ans Dy =0; 6) ana Dy =-0.002 Kn/m
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BucHoBku. B po6oTi po3rnsaHyTa 3agaya And TpilMHKU MixX ABoma n'e30-
€NeKTPUYHUMKM MaTepianamu nig Qi€ BigganeHoro enekTpomMexaHidHoro
HaBaHTaXXeHHd. TpiwmHa BBaXanacsa ernekTpogoBaHo, ToOTo ii Geperun
po3rnsiganncb SK enekTpMyYHonpoBigHi. Ha TpiwmHi kpim Toro 6yB 3agaHun
CYMapHWi 3apsf, a TakoX 3agaBanocb enekTpoMexaHiyHe HaBaHTaXKeHHS
Ha HECKIHYEHHOCTI.

3 3acTocyBaHHSIM aHanNiTU4HOrO nigxoay, Wo 6a3yeTbCA Ha NpeacTaBneHi
eneKkTpoMexaHiyHMX (PaKTopiB Yepes KyCKOBO-aHamniTuyHi cyHkuii, 6yno otpu-
MaHO TOYHWUI PO3B’A30K i€ 3agavi y BUAi 4OCUTb NPOCTUX aHaniTUYHUX dop-
myn. To6To Bynu 3HaiaeHi KOMMOHEHTW HamnpyXeHb Gy3, Og3 Ta €NneKTpuy-

Horo nona E; B3goBx iHTepdeiicy, cTpubok koMnoHeHTn Dz Ha BKITHOYEHHi,
a TakoX Po3KPUTTS [[u3]] TPILLMHM.

3 aHaniTMyHoro aHanisy pesynbTaTiB Ta Bidyanisauii JaHUX BUOHO BUHWK-
HEHHS OCLMITIOIYOiT 0COBMMBOCTI LyKaHMX (DAKTOPIB B BEPLUMHAX TPILLUHN.
Lis ocobnueicTe MOXe npu3BoauTM 00 (Qi3NYHO HepeanbHOro B3aEMHOro
NPOHWKHEHHA GeperiB TpiwmMHKN. Ona GinblWOCTi BapiaHTIB €neKTpoMexaHiy-
HMX MONIB 30HW NPOHMKHEHHA € AY)XXe ManuMu i X MOXHa He BpaxoByBaTM,
a onsa geskux BUAIB HaBaHTaXXEHHS BOHWU € 3HA4YHUMM, | caMe B Takux Buna-
OKax crig BMKOPWUCTOBYBATW iHWI Mogeni TpiwmHKu. LlikaBo Takox Big3Ha4um-
TW, WO iHTEHCUBHICTb €MNeKTPUYHOro Mons i HaBiTb BenuyMHa CymapHOro
3apsay Ha TPIlMHI OOCUTbL CYTTEBO BMMMBAE Ha eneKkTpoMexaHiyHi nons
B OKOMi TPILLWHM Ta Ha ii pO3KpUTTS.
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A. A. Tpunesuy, KHbiw I1. KO., B. B. Jloboda, 0-p ¢bus.-mam. HayK

AHAITMTUYECKOE UCCINIEOOBAHUE
3NEKTPOAUPOBAHHOW TPELLUHbI
B NbE303JIEKTPUYECKOM BUMATEPUAIE
Mpepnaraetcsi TOYHbIN aHaNUTUYECKUM NOAXOA K WCCNeAOoBaHUIO MNJIOCKOM
AecdopMaLmm Nbe303neKkTPMYecKoro bumarepnana ¢ 3neKTPOANPOBAHOWN TPELLMHOW
Ha rpaHuue pasgena ero KOMMNoHeHT. CuuMTaeTcs, YTO Ha OeCKOHEeYHOCTM 3ajaHbl
NONSA Hanps>keHUWN U 3neKTpu4Yeckoe none, napannenbHoe K Geperam TpeLlMHbI.

nO.ﬂy‘IeHbl AOCTAaTOYHO MPOCTbIe d)OpMyﬂbI AnA 3neKTpomMexaHU4veckux cakTtopoB
B OKPeCTHOCTMU TpeLUMHbI U NpuBeAeHa UX rpaduyeckas unnocTpaums.

Knroyesble croega: nbe3oanekmpudeckul  6umamepuar, anekmpoduposaHasi
mpeuwuHa, 3adaya IUHeUHO20 CrPSKEHUSI.

A. A. Grynevych, P. Y. Knysh, V. V. Loboda, Dr. Sci. (Phys.-Math.)

ANALYTICAL INVESTIGATION OF AN ELECTODED CRACK
IN A PIEZOELECTRIC BIMATERIAL

Exact analytical approach for plane strain investigation of piezoelectric bimaterial
with an electroded crack at the interface is proposed. It is assumed that the stress fields
and electric field, which parallel to the crack faces, are given at the infinity. Fairly simple
formulas for electromechanical factors in the vicinity of the crack were obtained and their
graphic illustration is presented.

Keywords: piezoelectric bimaterial, electroded crack, a problem of linear relationship.

The crack on the inner edge of an electrode, which lies in an interface
between the two materials, in some cases, is the cause of failure
of multidrives. Therefore, the study of such cracks is important to practice.

Basics of fracture mechanics of piezoelectric materials were developed
in monographs [1, 2, 5], and some problems for crack without electrodes
between two piezoelectric materials were considered in [8-10].
The electroded crack in a homogeneous piezoelectric material was studied
in [3] and crack with electro permeable faces at the interface of two
piezoelectric materials was considered in [7]. It should be noted that in the

93



last work electrical loading is examined as perpendicular to the crack faces,
so the problems associated with the possible interpenetration of crack faces
and their contacts were not considered.

In this paper, the electroded crack between two piezoelectric materials
under mechanical stress and parallel to the crack faces electric flux
is studied. The crack is considered as electroded and its faces were
assumed to be electrically conducting. Total charge was given at the crack
and also the boundary conditions were prescribed at infinity.

With use of an analytical approach, based on the reported representation
of the electromechanical factors through piecewise analytical functions
the exact solutions of this problem were obtained in the form of relatively
simple analytical formulas. Stress components o©y3,6335 were found

in the form:

o3 04,0) = L+ g) Re{R ()}

—2n IM{F ()} —K(L+ gr) Im{R ()}
M — Mgk

and the electric field was obtained along the interface:

@+ ) Im{F (X))} +2my |m{F(X1)}_
m —mgk

6\9 (%,0) =

E1(4.0) =

The jump of component D; on the crack and the crack opening were
found as:

¢, Re{% LR (1)} - 2RefF (%)}

01
D = ,
[[D3 (1] oG,

O1 +1

[[uz(x)]] = 50,

X
[ imgR e,

The analytical expressions for the functions F(x) and F(x) are found

as well.

The emergence of oscillating singularity at the crack tip can be seen from
the analytical results and illustrations. This feature can lead to physically
unrealistic interpenetration of the crack faces. Zones of oscillation are very
small for most values of electromechanical fields and can be ignored.
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However, mentioned zones can be significant for some types of loading
and therefore in such cases other models of the cracks should be used.
Itis also interesting to note that the intensity of the electric field as well as
the value of the total charge on the crack strongly affects electromechanical
fields in the vicinity of the crack and its opening.

With use of the implemented algorithms the behavior of the stresses
and the crack opening for different types of boundary conditions at infinity
and on the crack faces can be studied.
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